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ABSTRACT : PROBLEM TO BE SOLVED: To obtain an optimum AGC characteristic without caring 
about dispersion in a gain of a tuner and a deviation in a gain between channels by 
controlling a gain of a plurality of amplifier stages before and after frequency conversion of 
an input signal into an IF signal in a receiver with an AGC circuit used for a tuner of a 
digital CATV. 

SOLUTION: A gain of an RF AGC amplifier in a tuner and a gain of an IF AGC amplifier 3 
that are used for AGC are controlled respectively by respective control signals so that an 
input to an A/D converter 7 before digital demodulation is controlled constant. A level 
detection section 9 of the receiver detects a level of the input signal /VD-converted by the 
A/D converter 7, each control signal required for the gain control is obtained through an 
arithmetic processing, and D/A-converted respectively by D/A converters 11,12 and fed to 
the tuner 1 and the IF AGC amplifier 3. 
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mmwi^m^wmr-mmmm^mmir^. cot 

GCmW<Dtcli)(DRF AGCmmmt. I FAGCtfll 

/A^>^^'"^^ 1 1 , 1 2rD/A^glOT?^-t 
1, I F AGCtiitillStCtti;^^^. 




1 

mm 1 ] ^i^i^mmcDR Ffi^^rtiii-rsRF 

AGCt«itig§?:rtiat*S-rS?'t>^;U?:jiJ;?L/r I 
[ FAGClfitiHi, fJlB I FAGCititiS-CifitiSn 

^■r^>A/D^>^^'-^^i, HUfeA/D:3 »>*-^!<J: 0 

mmtmti i f AGctttescDWi^^n-eniiiiic 
m-m. 2 ] BuiajM^iiisstSBufaR f a g cifitis© 

;i ? + > ^ ;u c i ccsBtessiitccf ate 0 -Cte t , mr 

ta>Sg[|DSg»Sftf- -f Jl-©^ 0#A*?:HiIgBtBtfiI 
cfc 0 . t?f B I F A G C ifitlllOfiJff i frl B R 

FAGCitiHf§©ifiJti?:mifeWO#^*CciS:SU. •?•© 30 
t ^ ©Ufa ju^ffisprt^ffi 3 n/c friB'^- X > k 
(i-^© \y^)\^tmu^ 'o g^*t:-©fiH#{ctei^ s H()fB-< 
-;^''^'> Kff-^©**©U'^ju«c>ptitv-r'2)aiiU'<ju?: 

FAGCiifiS©^iJf#©i'%'E.A^-:^©fiJff?:S:^« 

[ i«*Jl 4 ] Hi)f Bjl^iilsgA^Htif a u '<;i/^ttg|5f^t±i 
sn/tB(ifa'^-x>''<> h'fi-^©u'<;i'iHufaSriU'<>'t' 40 

h D -;l/ff i Mf ^ SSt" -S 13 2 (omU 3 > h a - 
im^^tst i>tth tcHtrtam 1 ©fiKf 3 > h n -;ufi 

#imrieil2©fijff 3> f- 0-JKi-^?rD/A^}fe-rS 
D/A^>y^•-^:i. D/A^}ft§n)^cgtJfB^l©m 
3 > H a -;Mt^*i)fBR FAG CttitBiitcffl:^) L D/ 
A^^$ nfcHtflB^ 2 ©Mffn > h D -MMm I F A 
GCttifiS(CfcB;']1-**\ D/A^}ft§n/cMfB^ 1 © 
^ij{f 3> h D-il/ft-^^HUlB I F AGCit«i»Cffl:^0 
D/A^^$n/cglIIBll2©^iJfSa> ha-;l/fi#«:R 50 



2000-2091 18 

2 

F A GCiii|iilltClll;tl-r«.*^'&«rfB?i#lHl!S©*ilWCct: 
5}?3I3{CfBlS©Sfm 

[11*315] f'yi'il'»ii©RFlf^?:tii|'if SRF 
AGCtti||S?rrt/8L/#S-ri>5=-t>^^;l'?r3M{RO-C I 

iFAGCiiitiHi. Biriai FAGCtiitisrttifisn 

tc^g^t-S5+1fi> mrfa'^-XA>Fff^?:A/D^ 
g5■r■5A/D^>>'^'"^^i, fufaA/Dn>^N'-ifJ: 0 
tH;^iS*a&HtIfB'^-x>'OF{i-^?:7^i^i?;u^|)|-r-2.f' 

mriari^^?;^ffiiil^!laliIS§ttHu^lB'<-;^^^•> K{i-^©u 
-i;!/ ^m.mbX7=i>^ )\^o^mm^^ mi-ri>v^)v^ 

aasi, iifa«lfclii!£:^^D/A^^-rSD/An>A- 
itt^m^. irtaD/A3>>'^•-^^J;•5l±J:^S^l■2>T:^ 
a i^fi^^rjftffi LTiriBR F a g cttliii©Mf iHiJia 
1 F A G ciii|iiii©m©-:7^?:^<t s-a-ffeT^^HST 

frfBT:^^>/^t#<i:ml©-5£^Ei©M?:lfltliL 

■ct(rf an 1 <D-mms.icm^i>m i ©ttifiiissi . iria 
II 1 ©tti!ii|5i!!g©tB;'3©1gfa1i©JiiS??l&^^3-©*!>*ii3a§ 

isfftan 1 ©-^mEJ; 0 hm^mz (D-mmmto^ 
^BiJfB^ 1 ©iii}ilelSg©Wicfc'P fe*i»^iJff-ciiiliiLr 
Wf am 2 ©-STOK jn A -CBuf a r f a g c tf fiii©^j 

SSi. i)§Bn-^N-X7 ^;l'^(©Ui:;i:iBtifB§li©-^m 

E<t <o hm^mso-^mEtcommtm i ©ifitiii 
8S©Mf i 0 *>«i^m-ctiitit rBtriema ©-sm 
fcjDx-cirta 1 FAGcitifi^©w#^iliJffli-rsn> h 
o - ;uff iii:^-r 511 3 ©tfifiiisg t^mthct^: 

[0 00 1 ] 

[^^H^©)S-r5S'#55'Hf] *l£B««A:^ff^5:2-o©tt 
ifi^^rffll^r aaij9«JiCft|ff ^»-ri) A G C (automatl 
c gain control) IHSg^WrSSfitiCCKL. iRftC-e© 

m&Wi^omm^ ^ jum^s & o < «t :^ o 

[0 00 2] 

[fiE*®B^Jfjl AGCmSgWCATV bhf 

i;'3» ©T^yifjumiH^tT^SfiM^citctoi^r. § 
fiL//cA;^fi-^©u-<;i'?:ga!)WKPlS-rs/c»fciseffl 
3^arc^5. ll9«tJf*©AGCllgS%StjSfi«©^ 

[0 00 3] g^»-:^4 3«RFA:'3fi#A^6#a-rS 

>;^J^©{i^?:jS^RO, i Fft^ (^p^nigistft 

■§) tc^lftf^). 5^*-:f4 3Wast!j?i|{W(S1*?T'5R 
FAGCtfltill4^^■Ct^S. 7 ^JU5!4 4ticfBJliS 



(3) 
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i&ofsc^o^^mm^^^o ^mm^mmm (i fa 
[0 0 0 4] i^-fAimmm^br^mi^MciF 

5 orf'i^^;Ki-^^c^f^^n/c-<-;^^o Kfi^cDH 

m^n^o v'i^^jmiM i c 5 1 t^gKifijfisijfi^tT^ 

ffl $ n/c-< X ^^'> K ft ^CD U T :^ P ^ft^^C^ 
[0 0 0 6 ] AGC$l)ai[HlS§4 6t^D/Ar3>>'^'-^5 

I F AGCtfi|i|S4 SCC^n^nii-So C(D<i:^ 20 

[0 0 0 7 ] AGCmmm'^43(D2r>(Dm^^iimi 
OiHl Hc^-To I110^c;teiir. r I C 

xcuosmwmm^e(D^m^iX:hmj' (+) ^ca 

( - ) t^-SME V r e f i)mE.m bl^^hXtJ^tl 

CMOS mmmm 5 e oa^s^ j: 0 $ n ^ft^ 

{3:fgtn5 4?:/M.rn> h n-JUff-^R F A GC i L 

?^-'>^^4 3 (ii9#M) ^nmmofcMcm^ 

^na. S/c. CM0S?»^±fli^5 6CD^^SI5A« 
^ ( + ) ;0^e>=i>hn-;Hi-^I FAGC:^M F AGO 

[ 0 0 0 9 ] s 1 0 (^cmtAGcmmm^omw^txt} 
imm^i^m^. rfa Gammmm^mx^cbtc 
i)imx. I F AGcmMm4bmm^mmt6. - 40 
1^. x^ii^i)m>m^. \F AGcmm4b(omm 

^m^b. RFAGC±ittsS(D^iJf#^»-r^o 

^ j^jr^D ^^tiA:t)fi-^(D u^;u^^-rr >^ ^^'Uttili I 

c 5 1 f)^h<Din^t-^mE5 7 tfj^cMo smwmu 

e^cXt}^ri6Ct(^cj;:-^xnioti6. 

[0010] fty^jimm I c 5 1 ^^hxti^n^xti 

fi-^CDU-^;U^^-rfi-^7&^-^^EV r e f J:Ofgl^<b 
^^cti. ziyho-^JliE^RF AGC'f)mA^tU^. C 

n^cj:0RFAGG mimomm^mx ttj:h. 

)Vm^ \ C5 1 TO^^COfi-^Tl^^rJV hP-JKi^I FAG 50 
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GtbxxF AGGmm4b\cm^'^fi'h. --n. x 

^C^^, r3> hD-JUfi^I FAGCtJ-^O^E (V r 
e f ) tf^^. Tiy^)mm I C 5 1 y&^^^CD^-^Tji^JJStn 
5 4. 5 5(Dfil(cj:or^^^M#'Cttiti^nr:3> h 

P J R F A G C i L r R F A G C t i iJI f§ t C fitj^ 5 

[0 0 1 1 ] ;XCC. HI n3:AGCW[il?S4 6CD«Wi| 
ri^^juaia I c 5 1 7&^e)OA:^jfi^©u^-'U 

^^stmrnt^ot t^^v u-)\ym^K f a g c i i> 

?fKcig;^5n/cffiK5 9 ttgtn6 0'C^EL.rri>Ha 

F AGQ^]i^ti'th. 
[0012] 

[^B^^5^^L<J:^i-r5iSII] RFAGCi I FAG 
OO^mtm^^Cj^-oXW^htK 01 HC/T:-rAGC 
»[HlS§tiA:^ff-^:^)^igl>ii^^CJiR F AGCimm<0 

mmmx^mtxh-f. %tm^w^mm< u^ti.^") 
fmi)^h-^tc. mio^cm-^AGQvmmmtx 
t^m^m^^^^m^^c. kf AGcmmomn^m^xt 

r ^ J: ^ n > h u - ; b fi-^ R F A G C ffl ;^ -r 5 C i 

[0 0 13] :$i?m^t±tmm^m^t^i>0x^^. 

[0 0 14] 

[tsgi^^^-r^/cs^)©^®] ±fsaw^ii^*r^/ce!b 

iC. *:f|0JCDii*3Il'Ct^. 7^>^^?;U]aiiCDRFfI^^ 

ttcii* ^ R F A G c mm^\HM b^mt 6^^y^^}i 
^miRbxiFm^cm^th^:^-tt. tuieiFft 

^^mit^l FAGCmmt. UfBI FAGClfitl 

Kff^cc^g^-r ^ 5 ^-^t. mFls^--x^o Kit 
-f^A/Dg[}^-r'5A/Dr3>yS--^?i. BUtBA/Dn 

^cDu-^^ju^t^a-r-su-^^uftiasRi. ijibrfagc 
^ttmtDpjffcbfrftB I F AGGmmmm-^^^^^ 

^4^z:cc^^t3■lfTf^]fB-<-'X>'^'> Kff^^rt^^?;u?Sill 
/cfi^^ T^s;^ ^ ;^ffillSI^^^L^iIHI^§'c ^fv ^ )vm^x # ^ j: 

^(Cgffij&^tCRFAGCtiitiSi I F AGCiifigCD^iJ 
iplSS^CiorRFAGCiiiHSCDm i I FAGCtfitl 



5 

[0 0 16] ttc. *^Bj©if*iS2r«. iiJRJii CD 

sdtifcfci^T. mtimn^mtmtiR f a ccit iis 

[0017] C0^^tj:mmcjf:6t. SfiffiWJ^tf 
RFAGCtfillllOifiJfSi 1 F A GCtf ifl^CDWff?: i 
hiCMA^t bXt^h, SfRF AGCtii|iiS©Wt#5:» 

<brt,^<. -ecDf^. RFAGc mm^<Dmmm-K t 

K? KGcmmmm^m.-ki<m'&uct't\ fag 
cmmmmm^m-'^ii-'bm^i^-cmt^ Mwm^^ 20 

[0 0 1 8 } s/c. *iiBj©iS*ii3-e«, © 

#x s 5^ t > c' i {ciatgMiiJtJcf att t r *j # , 

ffiisi J; 0 K). luia I F a G cmm(omn t mti 
RFAGC immmm^mtim 'om^i^xwm.b. -e 
CD i # CD mia u msR-ct^ ta § *a fcijf e'^- X M- > 

Ym^<D u -<;u i mi a w 0 M A .■^.-r cD^ijtf K m mti 

^-T.j^i' K{i-^cD**cDix'<jKc^=fjj;-r'&aigU'^;i' 3o 

L T . ^CDtb$5;KmiCCt. DT R F A G C ifiHH i 
I F A G C IfitiUcDfiJtfcD i' % 6 A>-^CD^iJf#^S;itX 

[0 0 1 9 ] CCDJ:^^ctSfiSCcJ;§4. ?-f>4^;bCDW 
'9gfi5^ + >^JUCDWOgx..'fi^l%i?^aX'3. RFAGC 

tiitiiicD^ijfii I ? kQcmm^omn^m^^^i^x 

{Cte -5 ^ - X >'0 F fi#(D**CD 1/ JU Kjftct.-r S 
iglx--<;U;£:J:t|5-rS, t^m3nA:'^-;^^N'> Kff-^CDU 

'<>itfimt$.y^^)\'^'o hiK^^>t'!nm i FAGctfiti 

g§CDW#?:M^jN(C@^ L/c$ S R F A GCttfig§CDf"lfi 

*^ft3#. '^-x/o Kfi-^cDu^;i'*5s*su 

'^^I'.J: "5 ^b-'jN^ t> i t KtiR F A GO ttitil§©jfijf#?r^ 
:^tClSL//cS$ 1 FAGCtitiSgCDfiHi^^fbai+S 
WiStcj; o-CWf cDg3aiS;;£^tT 
[0 02 0 ] ftc. $^H^CDi#^II4 i«*JI3 <D 50 
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Sfitsccfei^r , mrBe?s»i5]8§AiBufa u'<;u^i±iai-ct^^ 
HI 5 Ufcmtz^ - ;^ / o K fi#cD ju i fif a«J|i u 

> h D - juff i jp)f#^as-r » 2 omm n > h d - 
juft^* s i i cc Mi em imm^^^vu-ix^ 
ft ^ i Biff en 2 mm ^ > f- n - jki D /A ^^-r 

-5D/A3>>'<-i'i. D/A^^§n/cH!ifB»lCDfiJ 
f#3> h o-;Hf-^^fiieR F A GCiiitiSfcai;'3L D 
/A 3 nfc BtnBn 2 mm a > F d I F 

AGcmm^^m-hti,ti\ D/A^f^sn/cpiem 

CDipJff n > f- D -JUfi-^^rfJie I F A GClfitiStCffl;*? 
bD/A^}^$*ifct?fem2CD*i|f#3> h D-;Hi-^?r 
R F AGCttliilfC|±l:^-r^*^?:Ma?S©|51SScD*WtC 
J: o -C W5 @ x 6 :^ -f" 5^ i ^ <i A 4 J: ^1 (c L ri ^ .S o 
[0 0 2 1 ] C cDJ: 5 ^c«roc J; -Si, iigHSStt^ 1 
(Df lift n > h a - JUff i 1^ 2 mm 3 > h a - jUff-^ 

^ai;'3-r m 1 mm^ > f a -;i/fi^«Mi^w^ 

r, ®i cD?iJ?#=i> f'a-jHt^tll2cDfiJff3> hD 

-JUft-^* 1 ^<DD/A 3 i?-C D/A^fft-r^ C 
iAS-Ct-S. -e-Lr, X-f •:<g^AJD/A^>>'^•-^^•CD 
/ A $ ti;^cn 1 CD 3 > h D - ;Kf -^^ R F A G C if 
il'illJcai;'^ L- D /A ^tft $ nifcS 2 CD 3 > h P - jKI^ 
I FAGCtiitillCCtil:^-r'5.7!)\ mcD=3>hD-;l' 
\ FAGCtiitil§cctil;^tll2cD=i>ha-;Mf 
I FAGCttitiS{CtH;'3-rSA^?:?IIStlHlSS<DSWK 
JCoT^O^^ScDt?, RFAGCttliSi I FAGG 

tfitil§cD*i)f#^&-:^^:HS t/c$ i;ffe:^?:^fb§-ti-c g 

[0 02 2] $/c. *^H^CDiS^^5-C{3:. fV^)VWL 

mm? m^^mmt^K fag am^^^w. 

i. mriai vm^^i^mt^ i FAGcttte^i, Ma 
I F A G c immx-im s n/cft-^^ -^jiisia:cD{i-^ 

-^-X^-O Kfi^?rA/'D^}|J-r-5A/'D3>^^'-$ 

i. Bt^laA/D3>^^'-^^J:0l±i;^3nsHi^fa'^-XM• 

^}^■r^D/A3>v^•-^^i?:^i^, irtaD/AnvM- 

- J; 0 tii:^; $ n-2> r D i^ff 0 -cfjta R F A 
GCiiiflUCD^flf^tfJia I F AGClti|iill©Mf<Z>-7^ 

u. H(rfartDyi5is§«. i^fer:^ai/^f^i||l©- 
smic^^rttifHOTfriem 1 <D--m.mz.m^im 
1 ©tfitiiissi . Biriem 1 ©JiiHlHlS§©ili;'3©fgtD(©iil 
ig^^!fi)c^J•©i5f«:jijiSti:?>^--'^•X7 iiiea 
— '^•X7 ^ JUif©tt;'3iHUiem 1 ©-;£mH<fc D feiffit^ 
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R F A G c mmomn^pmt -2) n > b p -Mnm 
rfriE^ 3 CD-SHE cctt]x.Tm(fs I F A Gcmumo 

[0 0 2 3 ] C<DJ:'?rj:mmcJ:6t. Ti>^}Umm^ lo 
7 p y ft-f ^ r -r u ^'J^iii-r c i <i: ^ Tg:ff ffiti 

R F A G c mi^mmt i f a g c mu^omno- 

[0 0 2 4] tfc. T-ro^Mmf)^f^i(om^m^x7 

ji^mmmmf^^<D^mM^^6o m2<Dmmmm 
t^u-j-^TsV •< }i^<D]i^titm2(D-nmK<D^^m 1 

EcD^^m 1 cDii*s!His§cDW#cfc ^ hMmnxmmr 

€>o c^^cj:0. mzcDtiitimsSimscDiiffiiiisg^ir 
i'um^^cnbxm1li)^mt^hX')^Cts^(DX. RF 
AGCWslgCDWfi. I FAGCtfifl^cO^iiff^e^n 

[0 0 2 5] 30 

mMBO§:{m<D':fuv{7mxh^. m\^c^\.^x. ^ 
:x-t\ 6iRFA^ii-^^^^#M-r^^i'>^wKofi^ 

^iitRL. I Fft^CC^f^-r-^o 5^^--:M(igtt^»Jf# 
affll^tf ^'RFAGCti^pi^^^^•CC^^o 7 ^;U^2 

H ( I F AGClHlSg) 3\ty ■< }\y^2^^Wi1liti^\ 

[0 0 2 6] 5 +1^4^^ I FAGCtttgHSTJfiUL/c 40 

tf4J;OtH:^$n^-<'-;^^OKfi^^ttitit-^o A/ 

D n > y < - ^? 7 itig^ 6 -Ctf iti 5 n/c-^: - X O K ft 
^>V<mmmn) 8tSA/Dn>>'S-i^7rri^^?;U 
I C StJ^^iRtfQAM (Quadrature Amplitude M 

oduiation) mmth'fi^ ^ )V{mm^m^xhh. f 

i^^>'UmpI C8tJ@»Jf#$lja^tT^AGClHl3§<h. 50 
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7o^$^rli-So 

[0 0 2 7 ] AGC[p|?§^3:U^;H^^ttlg|59<bvllgL[pI[E§l 
0i2oc7)D/An>^N'-^rl I, \ 2tti^h)SLh. U 

is^iiissi o\%?<Y ko^ommmmt i FAGctt 
ifi«^3cDW#^-en^*a}4ii:Lr»-r^<, iiSLiPissi 

OtJCPU (Central Processing Unit) ^X^^ttx 
[0 0 2 8 ] D/An>>'<'"^ 1 I. \ 2\t\^%m^\ 

0<fc0m:^$nS3>hn -;Kf -^^ r :f n yff-^cc^ 

^r^o D/Ar3>v^'^3^ 1 Hi I FAGCtiiHil30 
W#^»*r^r3> hu-;Ht-^* I FAGCtfliSS 
tctit,:^-r5c D/A:3>/>'^^? 1 2t3:RF AGClfiHgl 
om^*iJW-r ^ :3 > h D -;Uft-^?: ^ - 1 1 ^c^.ij& 

^(D^'^uv A-Y^-^v^nm^c^-ox^mm 

[0 0 2 9 ] CC-C. RFAGCtfitigli I FAGCtf 
Itill3tiD/Ar3>^^^-^ 1 I . 1 2?5^64^^5n^A 

G c wsA^-K^ I ^ i ^ wff A t < . A G c 'm^m^ $ 

[0 0 3 0 ] K1im^^^\t\.icW^(f:>im^^^-t'h 
^^y^^Mm^m^icmmim^x\mm^ \ o\m 

2^L%'o1c^m^Vs^. ST. 7.TvV'S\X\%W^^ 
1 0^3:D/A^>>'^'^^ 1 1 i 1 2;0^6a:^;$n^AG 

cmE^^-en-en^^wc/^ ^ J: ^ ^cf^>^^ ;Wii?r D/A 

n>>'^'-^ 1 1 i 1 2^cm;^;-r'So cncc<J:or. RF 

AGGWisi I Y kQQm%^3mm\tm'^tu 

[0 0 3 1 ];>:^C. X7"':;7'S2t?CCDt^i^-CD/A:3 
>>'N'-'^ 1 2cotH;^c7:)^^i>U:;^^<;^j:^J;^tcD/A:3 
>/N''-i^ 1 2^c-^^^r>^^;HS^^x.-g>o -eur. 
f-;/ 7* S 3 r A G C ;U G /c^O^S^^^'JS'r ^ » I 

c 8 ^(DKhmm)^ I c 8 oaimHsg i o -caisr t ^ 

j^c o /c i ^ f-v 7" S 9 tcii^ A G c ;u - 
P^O/ci^iJSL/. Xr •:;7'S 1 0r^AGCfi-^?:D/ 

k^^hxm:^'±h. c<Dt^. [y^)m\i^^90m 

Cfi^^^RFAGCtfiHS. I FAGCmmSt^C^tl 

[0 0 3 2 ] :^r^yy'S3XAGC)l-y'f)mCX\.^tj: 
C^i^tJ. AGC}l-'f-^^mC6tX:^7'yy'S2XD 
/AnVv'N'--^ 1 2^(DXtm^^< LrRFAGCH 
E^A^<0'Ct.Ko Xf-^^'S 4-CD/An>>'>'--5? 

1 27:>^6tH:^$n^AGC^E;:>^g;^fiicc?i^j-c. A 

^< bXhAGC)V-y'i)^?:RCrj:\,>t^iit. Xf";;7*S 
5-r I F AGCfflcoD/An>>'>'-^? 1 1 ;&^6tH:^^n 
-2>AGCmE^A#<-r'6„ "tbX. Xr77'S6rA 



(6) 

9 

G c ju- y't'^m D i> ■h^'stp'pm bWh:^^vv'S5v 

I FfflAGCmE4;«:#<-r^. ;^f77'S7rD/A 
X f 7- S 8 bfn^t mmt i, . JitiCDitti 

AGC;u-7'*<Hi:/d^tt, X7^-y7"s 1 o-cu'<;i't^ 

RFAGCfi-^i I F AGCft^§til:^L/rRF AGO 

mmt I F A G c tiitis©*')fs?:$ijiai^ lo 

[0 0 3 3 ] W±<D J; 5 K?^»[pI8S 1 0 ^t^mKti{t^ 
©:*Ct$K:|i8^itc<§$$IJW(CD/A:3>^N'-5r 1 1 . 1 

$^clt.^;/t•f■:^^^J^^i^:D/A=I>>'^•-^^ i i, i 2fc 

ckortti|iitt*n3:6-:5< c<i:*5$>^7:)S, RFAGCifiB 
igOf i)ff 4 1 F A G C iilifl 3 ©*fJfi<D^AfiI« X ^ 

;i'H(0tf6o^^$e?!)r^>+^(cJfi(|-c$S/i:W©^i|f# 20 

[ 0 0 3 5 ] c ©J: ^ JS^ttlitc J: -oT , Xt)is^*^A^ 
i^JS^KiiRF AGC»t(ia^©^i]f#^:^# < ■r-2>/ci:fc 
AGC;u-7"«E3Cl.ci«c^c*. XMM^Ol' 

^Mn^\,^t^mt. i£i>-r R F A G c ttiiii^s^'v^iiif 
i s J; ^ % g mmmm i ^ -c *>• o . ji^f 

< 5=- + > ^^ © (i e. o # {c tSi? 0 (, ^ g ffiimiij 

m^mmbxi^^i, ttc. m oic7f:-r±fBfie*©AG 

C|5]SS-Ctt-SSE5 7©D51S*S;£>Sr$)o/c755> 

m^^mv^mmm i o r f a g c mm<DmmM. so 

:km^^<OW^!^XbX I FAGCti(fiil3©Wf#?rl 

mbRF AGci^mmmmimt$^6!i&m*^6 1 f 
A G cifii^ 3 omn^^it § R F A G 0 mm<Dm 

[0 03 6] ttc, c<Dmm^m<D^rfMt tr i f a 

G C it«S 3 i R F A G C ttllSl^sgAWff^^o i 
?rli;]Wt*;.^iL''r^j||j!rSBJt|-C*S, C©^}fJ0ll©*!iJl 
^IB?:I1 3 KthTo * -f, X f - 7 7* S 1 1 -C^fiftlDSS 1 
0«D/A=i>>'-!-a' 1 1 i 1 275^e.til:^§*aSAGC 40 
mE^i-e n-eiiS:*Ctc /j: J; ^ !i fi^ D / A a 

1 1 i 1 2Kai:ti-ri>. cntcj:-5r, rfa 

GClfifiSi I FAGCWiS3©?iH#»5i::^<i:/<j:2., 

(0 0 3 7];x«c> xf-:'7*s 1 2-ec©t^{S8rD/A 
3>A'-i7i l©^^i:^©^5>^i>0'']^$<J^c€)J:'5^cD/A 

Xf-v7'S 1 3TAGC;l/-7**iPHD/c*^?5*4i|Sf 

1 C 8 ^©A*ft-f *i 1 C 8 ©«5)Sil8S 7 0 -cmsgl 
r^St'J.^{Cifj:-:./ti#«Xf- y 7"S 1 9fCji<?!>AGC 
;U-7';5i&TD/ci*i)SL'. Xf- 7"S 2 0 rSA GCff 50 
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mD/A^t^bXliit]$^i>. C©i#> U'<;U^UJ 
g|59 OtiitlimcjtCtc^V'iDVm^D/A a >/\-- $ 1 

1, i2'N#;i(=,n. cne.©f'y^'Jna?:D/A^«^ 

L/cAGCff#*SRFAGCipiSI> I FAGGlf^iH 

3{c^-n-eh*pA6n^. 

[0 03 8] Xf-?7'S 1 3-CAGC;U-7"*5F^Crt,i 
AGCJl'-^'^JiHDSS-CXf •yT'S 1 2 
■rD/A3>>'^•-^^ 1 l'N©A::^^^h§< L/-CRFAG 
C^E*''h$< Ori^<. X7-'y7"S 1 4t?D/A3> 

--N'- 1 1 *^ 6 tt):^ § A G c mKtfimmc Ui>t 

-c> ^h$< bt:«>AGC;U-7"75sr^Dncl<^it«, xf- 
"j-:fS 1 5■CRFAGCffl©D/A=3>^^•-^' 1 2;!)i6 
mtnhAGCn,K^A^^<ti,, ^bX. Xt-'^/T" 

s 1 QXAGov-viimb^t^m-^m'&bWhT.i- 

•^-T^S 1 5-CRFfflAGCflE?:^bS<-rS. Xfv^' 
S 1 7-CD/An>>'N--a? 1 2*^6tH;^§*a5AGCm 
E75Sfi^hfflK)S2>$-C, ^h§< LT^>AGCJ^-7•;<)5H 
X7--;.7'S 1 8-Cfi-fAJffSLJit-^i*!] 
ST «±©«){'P(3: ?=• 1- > ^^ JUW 0 }^^«tctf ten 

■2.. c <Dm%^m^'^ '>xm2 iC7rstm^tmm)Vi 

[0 03 9 ] J':i±©<i: ^iC. :i^mm^^X\tTV^)V<$i 
1^1 C8KAGClH]gg?:^^^> AGC|51K©jllffliISIl 
on FAGCtti|i^3©m^*IJffl)-ri)n>ha-JU 

ft # i , R F A G c mm<Dmnm\Mt S a > h a - 

iWmimL-Cl^l). 36«c> 7^y^f;U«ill|l 0 8 
©rtSPf, Yi/Am^bXti^h2r)<Day\-<a-Mt^ 

[0 04 0] <m2(ommm^>'X<ic. *^b^©^2© 
jissm^fcoi^-riftHjf n 4 tt^ 2 ommwMo^ 

iM'^<D-:/ti'vi?mx$>6. ia4{C*JCir. ?a-tl3 
itRFKtJimo^^y^Jl'kmiRb. I Ffl^tc^^ 
f 1 3i3:ei!)W#SlJfflJ?:tf^RFAGClt 

^lll^^^t?t,^s. 7 1 4«fi#©nf"ra)a«© 

JiK^©<^jii§3-&^. «r^jg«t!5ti4ig| ( I FAGGJi 
imH) 1 5tt7 1 4cfc0ffl:^§n2. 1 F{f^©@ 

[0 04 1] S+f- 1 6» 1 F AGClfiliilll SfJifi 

mti,, A/D3>yN'-^r 1 9»Jpigii 8rtiiti$n 
/c-^ - X / o K ft -f^i^ ji/fi-f K ^^-r S , 
JU»IC (f'i^i'Jl'aslSIMillilSS) 20«A/D3> 
ji-^l gXT'Jii MM^t,cmkStitc^~ Kd 
^?rffll)5I^S, ^i>^)V<m I C 2 OlJgsafilfSilW?: 
tf^AGCIHSSi. AGC lUSg-C g ffibWff Slj® § fxfcm 

[0 04 2] AGcmmtb^)\'iim^2 \ tmnmsit 
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2 2 ttEWMM 2 3 i D/A :3 >7^'- ^ 2. 4 i ;^ ^ ^ 
25tf)^(^m6o U-<^U^ttlg|52 UJ-^-;^/0 Kfi^ 

[0 0 4 3] 2oCDrJ>ha--jUfi#(D^fe-:^(i-^ 

2 2 cDfJiaiiC J: -:>r D/A r3 5?24<J:Dffl;^$n 
^rtum^^RF AGCmmt l FAGCititl^ 
1 5CC^Omrfftf&0. RFAGCtftilgi I FAG 

CCDi^. RFAGC±tifsS0fiJf#i I FAGCtt 

[0 04 4 ] mW3m2 3 >^^;^«CDRF AGO 

tii|'ill:051::A;fa i ^ W 0 6 ^I)^ C ^61 Stg^ L T 

t.^^. cn^Ccfc^Q. AGClHlK^^fiJfiC7:):3> 
mmtU^^ T.'i v^25^(tD/Aay^^-^24<^^ 

ititj^ti^mn^'^^t^^yho-ME^^D/A^ 

^^LtcmE^RF AGCmmt I FAGGWilll 5 

iM^^D/Am^ucm^mxi^m^Nmi.^'rM^om 

[0 04 5 ] CCr\ RF AGCiffH^i I FAGCif 
♦iil3t^D/An>^^^^^? 1 1 , 1 2;0^6-^^6n'S>A 

GcmE^A^^^t^mm^iK^ < . AGc^E^^^h^ 

[0 04 6] xt}im^^iELmm<Dmfi^^mt6 
9^y^^Mcm^m^rcm.^mm^'cmwMm2 2iim 
si^cu-ofcmm^n^. tt\ ::^7^yy's2 2vmnM 
SS2 2{mmt^^'^y:^)i<D^^^K.^.^tmMm2 

3i)^^m^m'0. RFAGClfifgg^CDMf i I FAGC 

^Cj:or. RF AGCmORF AGcmmmi^trj: 
0. lFAGCm<DlFAGCmm^m^bttj:6.'eb 
X. X^' ';.^2 5^Jm^BJ^■r-2)D/A3>/^'-^^2 

4<Dttit}iRF AGcmi^^mtJb. mnmMt6 

D/A::2y;i^^2 4<Dm^m(Dmt}^\ FAGCttll 
HI 5^cE±l;^|-r>So ^Ur. Xf'-;;7'S2 sru-^;^^ 

[0 0 4 7] -eur. Xf-7 7*S 2 4'CA;^ff^®A^ 

\i^t6mmu^)i^tmt^o &mi^^MmnM^^2 



(7) it$F?^ 2 0 0 0 - 2 0 9 1 1 8 

12 

cfc0^5?)6n. ut>;^^^r-B#9^]ccfatg^n5o A;^ 
m#cDA ^ $ Tt^^S^i u J: 0 A 1 1 ^ ti^^c ;^ f - 7' 
S2 5CCii<;^. ^aSL[ilS§2 2tJRFAGCffl(7)AGCm 

;^ ^ 2 5 S^HISS 2 2 cfc 0 ^ijfi^^fk $ ii^ D 
/A r3 >^N' ^ 2 4 CDT :f n ^ft-f ^ R F A G C tiitiS 
^Cttl;^f 5<i:^CC^0g^:»O. IFAGCWiH15-s 
u&^mo:> I F AGC^E^ffl:^-r'S. 
[0 04 8];>:^c, ;5;r':^:?'S2 e-CRFAGCmE^ 
10 ^i>LA^< ^^:^J:^CcD/Ar2>;^*-^2 4^c-^^5f' 

--t^'^^T D/c:O^S:0^fl^-r I G 2 0 '^CDA:^fi^^5 

52 9(^cmfyAGC)l-y'^^mCfctm^b. TsTvV' 

53 or I FAGCmE^HSU. U-<JUt^ffigP2 ICD 
m^{m%K,1cTV^MmF^/A n >>'<'^ iS? 2 4 
^en^OT. CCOrS^^;KS?rD/A^j^b/cAGC 

X ^ y^2^i)^hRF AGG mm^L^^ h n 

cnicJ:0. A;^ff-^ou-^>'t'^tt^cj£t;rAGC 

[0 04 9 ] Xr':;y'S2 7'CAGC;U-'^W1i;?il^ 
i*t^. Xr'>7'S2 8rRFAGCmE?J)5^Affl 

RFAGCmE^A^< UriK. Xr':':7'S2 S-CR 
FAGCmE?&5^Afai;^cf:^$rA#< Lr^>AGC;U 
-V'imXjU\.^t%\t^ Xt'7 7"S2 4'CSSA:tffi-^ 

[0050] Xr">:7'S24 r A^ff-^CD A ^ 5 ^^S^H 
U-<;I/J:DAt <?'d:l^ii^^c{J, Xr :7'S 3 ncii 
30 'mm^22\%\F AGGmK^'Phi^^<st^^ 

n^'^^ti>D/Aa>j^--^2A(Dtiit}i I FAGC 
tfigg^l 5CC^^, RFAGCmEtJSAfiiiJ^c-SJ:^^ 
^cr^o -^LT. X7^^;.r7'S3 2-rAGC;U-7*7&^ML; 

[0 0 5 1 ] AGC;l/-7'j!?5&1i;/ci^ti. Xr77*S 
3 5rAGC;U-^7";!)^K(;/cc!:*iJSL. Xf":/7^S3 6 
TRFAGCm^SAffl^CilSU. U-^;U^^tlig|52 1 
(Omtimi^C mCfcT'i^di Jimi)^ D / A r3 > 2 4 
40 ^^ibti. C0Ti:>di)im^D/AmkLfcAGGim 
v^2bi)^h I FAGCtfitiSl 5^C-^^6n 
cn^cj:0. A;^ft#^ci£;(;'CAGC[HlS§^^gto^'J 

[0 0 5 2 ] Xf ^;'7'S3 2rAGC;U-:7*;0?^1(;?:cl^ 
i^tS. Xf'-:;7'S 3 3r I FAGC^ETtJ^^Afflt?^ 
^i*iJ^$n^^-C. Xf";;7'S3 1-CI FAGC^E 
^A^<l''ClK. Xf-^^'S 3 31? I FAGC^E^ 
gAffltnc^S'CA^< Lr4>AGC;U-"7':0^&1G?^cCl^ 

50 ^„ ti±cDaijf^tJ^i'>;^;uWO^^mc:tTt)*i-So W 
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±® J; ') KillgtlHlSS 2 2 {*SfiA;'3fi-^©A# $ cc<fc o 

r SSI volt tm L T?siije<j<c T'i^^im^i^^hm 

A n >^>'- 2 4 «C^;il>tStl<!: ?rW-r .S.. 
[0 05 3] coj:^;^ci!!iil{cj:ot:. Atiismi:k^ 
C^ti^tC(*RF AGCttitsilCDWf?:;^^ < t^tc»V 

-iji/^sif i^i #{c«> it;>-rR F A GcmammiK»m 

•y 2 5 -c^ 0 ip^ r 3 > h n - ;Mi^?r ffi;^)^ 2.<o 

■C. lO(DD/A=i>''-<-i?2 4rRFAGCtiitilli 

[ F A G c itinn 1 5 omnom'M'kmmv # s . 

[0 0 5 4 ] -ei/r, S2iL"<Jl'?:9=-l'>^;l'C:iCCS: 

0-CRF AGCiiliUCDWfi I FAGCWIill 5© 
1 ©WilJf^SI©MIl (132. El 3) Jctt^-CJttSag*^ 

[ 0 0 5 5 ] 'mmm2 2(D!&m^m<Dmmi 

a 6 Kif:T. $ fx f - 7* S 4 1 -CfSgtlHlSg 2 2 iS^&M 

•r 5 ? + > ^;i'©^ 0 Btf jfltBi 2 3 *^ e> m^m 

0 . R F A G C tilill©^i|f# i I F A G C tf ^iS©f Jf# 

5:^o§^,i5{cis:s-r-5. -eor. ;^7^-v7'S4 2-ca 
:^fi^©;^#§?:mEtc^t^t-S. XtiiE^oiKt^lt 

[0 0 5 6 ] -eor, ;^7"7 7's 4 3-cA;'3{t-^©;*c^ 30 

U^;UJ; 0 *>A!?C^Ji^K»X-f- 7'S 4 4 Kjt.^. iS 
gt(pISg2 2«I FAGC©W#%il^LfcS*RFAG 

©it. X ? 2 5 « D/A n >^^•- 2 4©fi]ff 

t § -ti- 1> fc^or-r a ^fi-^* R F A G c ttilaS(c# 

[0 0 5 7 ] -g-br. Xf •;;7'S4 5rAGC;U-7'*5 
gflD'2)7!i^S*^*i|S-r'5. AGCJU-7";05p^i;/ci#«. 40 
Xf 7 7"S 4 8-CAGC;U-7'*s^Dfci|ij;£l/. Xf- 
•v7"S4 9-CI FAGCmE5:S''hfi3tC@SL. U-^^l- 
t^tB§P2 1 <Dliit}mcic^i:>tc'fiyi')imt)^D/A::jy^< 

}ftL/cA GCft#*5X 5^ 2 5 *^e> R F A GCtiitilg 
iC-^^eni). Xf^'^r^'S 4 5TAGC;l'-7**5KC'J£ 
l^i Xf :7'S 4 6 -CR ? AQCWltimAMt 
«$ia^SrRFAGCIIE5:4N§< L/-Ct,^<. Xf^ 
•:;7"S46-eRFAGC mK^Wm ttjiit XA^^ < 
bXi>AGCll-y'Ai^Ctn>t^a. Xf";»7'S4 7 50 
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[0058] xf-'y7'S4 3-cA:^fi-^©:;*:*$7!)5»iS 

jimi5ISS2 2«I FAGCffl©AGCmE*si:Ai 
iS?.<f;^tC7'yi?Ji'fii?rl±l;^-rSJ:5{c^0§^. IF 
AGGiiitim 5's« I FAGCmE©S;*C«i?rtB;'3-r 
•5. C©it. RF AGCmE«SAfflKrS. 
[OOSQJ^XCC, Xfy7*S5 1-CI FAGCm^^ 
^1>L/''I^$ < •r5J:^«:D/A3>>'^■-^^2 4tC-^^-57' 

^Ufii^r^^S. -e-Lr, X7^-;;7*S5 2-CAGCJU 
- -ft^m C tc^^^A^m^t A G C T'iJi?^ Ctct 
t CC«X 7- 7' S 5 4 CCjt^ A G C - D /c i fi 
^L. Xf-'V/SB 5t?RFAGC^E^SSL, l^-^^ 
^H5^mg|52 i©tb:^fa(cic;D/c7'i^i';i'fi*5D/A3> 
>'^•-$2 4{c4A'=.*a^©f, c©7'-:^^';Hii^D/A 
mkUcAGCmn^:^^ 5ifih I FAGCtliti 
^1 biC^Xlbtl^, 

[0 0 6 0 ] Xr 7"S 5 2 -CA GO ;U- y'A^mCtH^^ 
Xf-7 7'S 5 3-CI F AGCmE7:)5^''hfii-C$) 
^tm^$tl^tV. Xf-77*S5 Ifl FAGCHE 
?:''hS< L/-Cl^<. Xf-7 7'S 5 3-Cl FAGCaE*5 
MA-^mv$) i ^IS 1/ /c i t {*SSX 7- 7 7" S 4 3 -CW 
SA;'3fi-f ©;*c 1 3 *mm U'^^i'.t 0 ^>;*:* i,»*^S*4iJ 

[0 0 6 1 ] <m3<DmmBm>'^xv:. *^h^©ii3© 

AGCtB;'3U;^^}^-:>-CliiCcl,»f'i;^fJl'?III?1 1 05 1 ?rffl 

t.>tcm^-c$>r,xi>. AGcmmm^4 6mfS.tic 

<t{cj:or7^i^$;uaiBli C5 \f)^(;>iiiti$ti6AGC 

mSOmiMBBva^i^iDi^miM I C 5 1 Wll9©Ji^ 
ipIDQAMapIl C-C*^. 
[0 0 6 2 ] CCr. RF AGCiilill4 3<i; I FAG 
Ctiitill4 5 (09 #M) tt07JC7n-rT:^ayiiS§-C 

mfS.stifcAGcmmMmi)'(;>^^fbti6ms.f)^±^\.^ 

JS«.t©i-r5. 

[0 0 6 3 ] S7tC*jC»r, C5 1 A^e) 

iHe-n-r < €.T:M3 i^©3 > h a -;Kf -^iSJSJnfflR© 
Jgm26*/M^rCMOS iSff tiiflS 2 8 omiXm 

[oo64]CMos '<mmim 2 s ©^^jsieA;'?^^- 
( + ) iat-mmEv cc/2 f)imEEm3 0 ■f)^(ymm 

R<Dmn2 9^ifLXXtl$tli>, tctcO, Vcc«A 

G c m9m^(omm'mEx * s , c m o s mwmm 2 

8(0m^'ftmKAm^ (-) «t6tnfiiR©Jgin2 
7?:^L/-CSi!§nri,>S. CMOS^II»tiifi?|2 8i 
J6Si2 6. 2 7. 2 9 imEiiS 0«»l©iiifi(5]?S?: 
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[0 0 6 5 ] a--j^7.y ^ Arbiitims 1 1^^^^ 

bOltitl^t I F AGCfPJjiRF AGCfSte^5^l:r6n^o 
[0 0 6 6 ] I FAGCfflfJrti, D'-/^•X7 ^;U^?4 5 
CDa^?:»^ffitafii R CD JgJn 3 3 ^ U r C M 0 S iSiLtiifi 
g|3 5CDSKA;^^gT- (-) ^CA^^n^o CMOS?a 10 

»Mii3 5cD^^s«A;bSi^ ( + ) ^at-^mKVc 

cMosmmmm3 bomm'f-tmix 
tim^ (-) mmm2R(Dmvi3 4^:frbxmm$ti 

^ay\^u-MWm FAGCt:)^ F AGCitil!@^--tti 

cMosmmmm3btim3 3. 34. 

3 6 <t^EifS3 7CJm3CDtiiH[HlS§^«^Sl/rC^5o 
[0 0 6 7 ] RFAGCfflrtJ. a-J^:^y^)l^4b 

<DH\MmviBR<Di&m3s^:frbxcMosmnmi 20 

gi4 0CDSeA;^igT- (-) ^cA;^$ti^. GMOS?i 
StWill4 0CD^^Si5A*i^S-7- ( + ) ^ct^-^m2V 
c c/3 7:»^^E®4 2;:?:>6ffit?ifaR<DfStn4 1 ^/TOT 

xt}$ti6. cMosimmm4o<Dti!i:hmTtmi 

Xtim'T' (-) tiSSSiffi2RCDjg!A3 

CMOSia»ti«4 0(7)tt^ffiT-J:*:)RF 
AGGttt|s?§CDM#^»-r'g)/ci6©n> b p--;Ki-^ 

jK3 8. 3 9. 4 1 <hmES4 2t3;m2(Dtti|!ilplS§^^ 

30 

[0 0 6 8 ] ccDEi 7 ^cn^-rieiss-c^s. mmmm2 s 

Vcc/2(,cm^fcm^^ait}t6. ^Or. n->'N-;< 
7 ^ ;u ^ 4 5 tim (7)ti*ilpISg J: 0 Hi;^ ^ ^ ^m-^cDffi 

[0 0 6 9] ^ur. mmmm3bm^hfSc^m3<D 

0/3 1 <om - 2 fg U r-^HE V c c / 3 ^c»Ox /c 
ff-^I FAGC^ai:^T^o ?a®iitell4OI?:0^6/S^ 40 
m 2 (DttffglHlSS^^ n / :7 ^ ;u ^ 4 5 CD tti:^ i -^m 
E2 Vc c/3<hCD^^- 2{5L/r-'^^E2V c c/ 
3^CJJDx/cft^RF AGG^tB;^T^o fcfcb. Ml 
^•f 7tpy[nl38ti^^> HU^;lximiSmEV c CCD 
mxm'^t^OV. CCDtSH^ffl^-Cfi^I FAGG. 
RFAGG^tti;^-r^Ci&iT#^j:l\ 
[0 0 7 0 ] cntCj:^. m^^rim\Ci)^h(D::i>h 
D->iKt^7!>Wc c/4-C^>^<i:^CC. ^ 1 (DtiifllelSg 
cDffl;':iJ^j:^,';?,acD1iEt*3Vc c/4i?^j:^o -eu 

RFAGCtiVc c/2<!:?'cC0. RFAGCti^^' 50 
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[0 0 7 1 ] CCDct^^CUr^Jta^/c^.a-CcDmE. :3> 
hn-Mf-^I FAGC. r3> hn-;Ki-^RFAGC 

(Dimm^i. m2(Dmmm. m3<Dimm^<Dmt} 
^^■To m 1 (Dimmmotiiti^.siommt i c 5 1 

6CDn> hP'-Mi-^T^^O {ifyy\=[y^)V) (Dt^tfC 
Vc cii^^c^.'j^.S Oil I G5 l7!)^6cDri> hP-;Ki 
^pOWc ccoi^^cOi^^jr-S.-^^.S l^ig^/cI:,S<f:^cC 

cn^cjrO. ®2cDttt}i|plS§<i:0a;^$n^fi-^R 
FAGCti I C5 l^^f!>(D:^>V^-MM^^^0<Ot^ 
Otrj:6}^.B2t I C5 1 Tt^^^CD^V h P-^Mf-^^OW 
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